Objective: Because laparoscopic cholecystectomy (LC) is widely recognized as a "mild" or "mini-invasive" kind of surgery, in this prospective nonrandomized study, we investigated the effect of intestinal manipulation on intestinal permeability and endotoxemia, in patients undergoing elective cholecystectomy by comparing the laparoscopic with the laparotomic approach. Summary Background Data: The intestine is susceptible to operations at remote locations, and the barrier function is altered during intestinal manipulation, leading to bacterial or endotoxin translocation into the systemic circulation. Methods: Forty-three patients undergoing elective cholecystectomy were divided into either the laparotomic (n ϭ 22) or laparoscopic (n ϭ 21) approach. Intestinal permeability was measured preoperatively and at day 1 and day 3 after surgery using the lactulose/mannitol absorption test. Serial venous blood samples were taken at 0, 30, 60, 90, 120, and 180 minutes, and at 12, 24, and 48 hours after surgery, for endotoxin measurement using the chromogenic limulus amoebocyte lysate assay. Results: Intestinal permeability was significantly increased at day 1 ͓0.106 Ϯ 0.005 (mean Ϯ SEM)͔ in the laparotomic group compared with the preoperative level (0.019 Ϯ 0.005, P Ͻ 0.05) and to the laparoscopic group at day 1 (0.019 Ϯ 0.005, P Ͻ 0.05), which showed no change in comparison with the preoperative level. A significantly higher concentration of systemic endotoxin was detected intraoperatively in the laparotomic group of patients in comparison to the laparoscopic group (P Ͻ 0.05). There was a significant positive correlation between systemic endotoxemia and intestinal permeability (r s ϭ 0.958; P ϭ 0.001). Conclusions: An increase in intestinal permeability and a greater degree of systemic endotoxemia are observed during laparotomic cholecystectomy. This suggests that intestinal manipulation may impair gut mucosal barrier function and contribute to the systemic inflammatory response see in open cholecystectomy.
T he intestinal epithelium undergoes a continuos renewal process and consists of cells at various stages of differentiation. The integrity of the intestinal epithelium is critical to health, 1 and any damage to the cells can effect proliferation and differentiation, leading to altered cell population and functional changes in the intestine. The intestine acts as a barrier to the luminal contents, which include bacteria and endotoxins. The gut barrier is altered in certain pathologic conditions such as shock, trauma, or surgical stress, resulting in bacterial or endotoxin translocation from the gut lumen into the systemic circulation. 2 This has been implicated in postoperative complications, such as systemic inflammatory response syndrome and multiorgan failure. 3 Laparoscopic cholecystectomy (LC) is now considered the treatment of choice for symptomatic gallbladder stone disease. [4] [5] [6] When compared with open cholecystectomy (OC), LC presents several advantage such as reduced postoperative pain, prompt postoperative bowel activity (6 -24 hours after operation), reduced hospitalization (1-3 days), earlier return to work, better esthetic results, and reduced postoperative infections. 6 -11 Since LC is widely recognized as a "mild" or "miniinvasive" kind of surgery, in this prospective nonrandomized study we investigated the effect of intestinal manipulation on intestinal permeability and endotoxemia in patients undergoing elective cholecystectomy by comparing the laparoscopic with the laparotomic approach.
MATERIALS AND METHODS
From February 2003 to July 2004, we studied, in a prospective nonrandomized study, 43 patients consecutively (29 women, 14 men; mean age, 51.3 years), all presenting with symptomatic gallbladder stone disease. The diagnosis was confirmed by ultrasound examination. Serologic tests (AST, ALT, bilirubin, serum protein) were in the normal range. Patients with a history of acute cholecystitis, acute pancreatitis, or acute or chronic inflammatory or malignant intestinal disease were excluded from the study. During hospitalization, the patients were not given antispastic drugs, steroids, or nonsteroidal anti-inflammatory drugs (NSAIDs). The patients were classified as grade I or II, according to the American Society of Anesthesiologists (ASA) grading system. 12 Altogether 22 patients (16 women, 6 men; mean age, 49.7 years) (group 1) ( This study was approved by the Research Ethics Committee of the University of L'Aquila. All patients gave written consent. It was difficult to obtain patient agreement to randomization; so having 2 sources was the only way to obtain 2 groups. Including consecutive patients to the study hopefully reduced selection bias.
As shown in Table 1 , age, sex, ASA grades, time of anesthesia, and operation were comparable in the 2 groups, but hospitalization was significantly shorter in group 2. There were no indications for intraoperative cholangiography in either group, nor did they receive blood transfusions. Anesthesia was obtained in both groups using the same procedure. Preanesthesia was done using atropine (0.01 mg/kg), plus promethazine (0.5 mg/kg), induction using sodium thiopental (5 mg/kg) and atracurium (0.5 mg/kg), and tracheal intubation and assisted ventilation using nitrogen dioxide (NO 2 )/ oxygen 2:1. Removed gallbladders underwent histologic examination.
Blood Sampling
Serial venous blood samples were taken at 0, 30, 60, 90, 120, and 180 minutes, and at 12, 24, and 48 hours after surgery. Blood was collected in pyrogen-free tubes and centrifuged at 4°C and 2000 rpm for 10 minutes and aliquoted into sterile cryotubes (NUNC 36341, Intermed, Denmark) and stored at Ϫ80°C until analysis for subsequent determination of endotoxin.
Intestinal Permeability
Intestinal permeability was assessed preoperatively and at day 1 and day 3 after surgery using the lactulose/mannitol differential absorption test. [13] [14] [15] This test is well validated in our department. It is nontoxic, noninvasive, simple to perform, relatively inexpensive, and reproducible. It has become accepted as a reliable method for assessing small intestinal permeability. A pretest sample of urine was collected after 6 hours of fasting for baseline urinary sugar measurement.
After the pretest sample was obtained, patients were given 10 g of lactulose and 5 g of mannitol dissolved in 100 mL of water orally or via nasogastric tube. Urine was collected for 6 hours, aliquoted, and stored at Ϫ20°C until assayed. Urinary lactulose and mannitol concentrations were determined by an enzymatic technique. 14, 15 Mannitol excretion was corrected by subtraction of baseline values determined in the pretest samples and the lactulose/mannitol excretion ratios (L/M ratio) were calculated.
Endotoxin Measurement
Endotoxin was quantified in duplicates using a modified chromogenic Limulus amoebocyte lysate assay (Quadratech, Epsom, U.K.). Test plasma samples and standard were diluted 1:10 in pyrogen-free water and heated to 75°C for 10 minutes to remove plasma inhibitors. The concentration of endotoxin in the sample was taken as the average of the duplicates calculated from a standard curve. The assay has a sensitivity of 8 pg/mL and is linear in the range 8 to 100 pg/mL. Each aliquot was assayed for endotoxin only once. If the assay gave poor duplicates or very high values, indicating possible contamination, a fresh aliquot of the same sample was retested.
Statistical Analysis
Results are expressed as mean Ϯ SEM. Statistical analysis was performed using the Mann-Whitney U test or Spearman's rank-correlation coefficient (r s ) where appropriate with significance taken at the 5% level.
RESULTS
The LC required almost the same operating time as the OC (Table 1) . Hospitalization was shorter for LC (Table 1 ). In the laparoscopic group, conversion was required in 1 patient, leaving 20 patients for analysis.
Histologic examination showed in the open group acute cholecystitis in 6 patients and chronic cholecystitis in 16 patients. In the laparoscopic group, acute cholecystitis was present in 7 patients and chronic cholecystitis in 13 patients. There were no differences between the 2 groups concerning the severity of cholecystitis.
Intestinal Permeability
No difference was observed in the preoperative L/M ratios in the 2 groups of patients (Fig. 1) . The L/M ratio was significantly increased in the open group at day 1 (0.106 Ϯ 0.005) compared with the preoperative level (0.019 Ϯ 0.005, P Ͻ 0.05). This increase was also significant compared with the day 1 level in the laparoscopic group (0.019 Ϯ 0.005, P Ͻ 0.05), which stowed no increase in the mean L/M ratio from preoperative (0.020 Ϯ 0.005) ( Fig. 1) . No correlation was found between the increased intestinal permeability and duration of surgery.
Endotoxin
The systemic endotoxin concentration rose significantly during the course of surgery but returned to near baseline by day 2 (Fig. 2) . Systemic concentrations of endotoxin were higher in the open group at all intraoperative (Fig. 2) . A significant correlation was observed between the maximum systemic endotoxin concentration and intestinal permeability measured at D1 (r s ϭ 0.958; P ϭ 0.001) ( Fig. 3) . 
DISCUSSION
The intestinal epithelium is a self-renewing monolayer arising from stem cells located at or near the base of the crypts. 16, 17 Anup et al, 18 using a rat model, showed that laparotomy with mild intestinal handling can result in permeability alterations and oxidative stress in the enterocytes, mainly as a result of activation of xanthine oxidase, and the damage is reversible with time. 19 In our study, a change of intestinal permeability was demonstrated only in patients undergoing open cholecystectomy, with no change occurring in the laparoscopic group. Since the 2 groups were similar, the major factor that differed between the 2 groups of patients was the effect of the surgical approach on intestinal manipulation. There was no difference in the morbidity and mortality in the 2 groups (Table 1) . This may reflect the small sample size in this study. In the 
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Intestinal Permeability After Cholecystectomy laparotomic technique, the peritoneum is manipulated, the small intestine handled, and the mesentery placed under traction, while in the laparoscopic approach these are absent or minimized. These factors, which are integral parts of the laparotomic approach, may lead to the production of vasoactive agents that can cause both local and systemic hemodynamic changes. 20, 21 There is evidence to support the role of prostaglandins in causing these hemodynamic responses, even though the exact mechanism leading to their generation is not fully understood. 22 The mucosa of the intestine and the endothelium of blood vessels contain enzymes capable of synthesizing prostaglandins, production of which may be initiated by neural, ischemic, toxic, or mechanical stimuli. 23 The generation of these vasoactive prostaglandins can therefore induce splanchnic ischemia with subsequent disruption of mucosal integrity and increased intestinal permeability. Therefore, intestinal manipulation may lead to the endotoxemia detected in the systemic circulation in patients undergoing cholecystectomy. The results of the present study concur with this suggestion, as endotoxin was found in the systemic circulation in the laparotomic group of patients. This implies that mere manipulation of the intestine may have a deleterious effect on intestinal mucosa. Regardless of the etiology of impaired mucosal barrier function, permeation of luminal contents across the bowel wall does occur and results in endotoxemia. 24 -29 Endotoxin is a potent stimulator of release of cytokines, such as interleukin-6 and tumor necrosis factor. These inflammatory mediators play an important role in the pathogenesis of systemic inflammatory response syndrome 7,10 and multiple-organ dysfunction syndrome. 30 However, the significance of the correlation between systemic endotoxin concentration and increased intestinal permeability remains unclear. In our study, the endotoxemia was detected mainly during the intraoperative period, but the increased intestinal permeability was observed only 24 hours after surgery. Although it would be easy to suggest that the endotoxemia was due to an increase in bowel permeability, one may develop independently of the other. Indeed, endotoxemia is known to reduce splanchnic blood flow and cause disruption of mucosal barrier function. 31 Furthermore, exposing the peritoneal cavity to the atmosphere may in itself lead to endotoxemia. 32 The findings of this study suggest that intestinal manipulation during the initial abdominal exploration can lead to systemic endotoxemia. This agrees with the hypothesis that intestinal manipulation may impair intestinal mucosal barrier function and contribute to the systemic inflammatory response seen in OC. 10 The recent introduction of LC may reduce intestinal mucosal dysfunction and merit further investigations. 
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